Ukraine has experienced a long-term decline in life expectancy since the late 1960s. While spectacular improvement in longevity has been observed in Western countries, the trend in Ukraine has been accompanied by increasing or stagnating mortality. Although many studies indicate that alcohol is one of the leading contributors to low life expectancy in Eastern Europe, little is known about its impact on premature mortality in Ukraine. The aim of this study is to estimate alcoholattributable deaths at working ages (20-64) in Ukraine. We investigate the contribution of alcohol to adult mortality between 1980 and 2007 using a new method for estimating alcohol-attributable fractions by causes of death. We also assess the public health burden of alcohol in terms of length of life losses. We find that in 2007 alcohol-related deaths constituted 40% and 22% of all deaths among adult men and women, respectively. The results also indicate that alcohol-related deaths at working ages account for approximately one-third of the male and one-fifth of the female life expectancy difference between Ukraine and western countries.
Introduction
It has long been known that excessive alcohol consumption increases the risks of various diseases and premature death (Rehm et al. 2004; Anderson 1995; English et al. 1995) . The importance of alcohol for unfavourable mortality trends in the former Soviet republics has been widely discussed (Anderson and Hibbs 1992; Shkolnikov et al. 1996; Leon et al. 1997; Bobak et al. 2003; Shkolnikov et al. 2004 ). The studies suggest that a long-term decrease or stagnation in mortality can be explained by a combination of different factors, such as the spread of unhealthy lifestyle practices (including heavy alcohol drinking), the weakness and ineffectiveness of the health care system, as well as poor standards of living and psycho-social stress (Meslé 2004; Andreev et al. 2003; Cockerham et al. 2006; Field 1995) . The majority of studies on alcohol and health in the former Soviet Union focus on Russia, where the relationship between alcohol and premature mortality has been extensively investigated (Skolnikov and Chervyakov 2000; Nemtsov 2008; McKee et al. 2001; Leon et al. 2007 ). Much less research has been done on the role of alcohol in Ukraine and other post-Soviet states. The only study on Ukraine known to us is by Godek, who attempted to estimate the impact of alcohol abuse on adult mortality. She found that about 13%-16% of deaths among males, and about 7%-10% of deaths among females were attributable to alcohol (Godek 1998) .
Estimating alcohol-related mortality in Ukraine has become increasingly important for several reasons. The first reason concerns the continuing, or even deepening, health and demographic crisis. Over the last two decades, Ukraine (along with many other countries of the former USSR) experienced unprecedented fluctuations in mortality (Shkolnikov et al. 2004; Meslé 2004) . Although Ukraine recovered from the crisis of the mid-1990s, the positive changes that followed were short-lived. The current situation remains unfavourable, and does not show any signs of major improvement. According to the latest data, life expectancy at birth is about 12 years lower for Ukrainian men, and about eight years lower for Ukrainian women, than for their Western counterparts. The potential causes of these striking differences in mortality have been discussed in a number of studies Libanova et al. 2007; Meslé et al. 2008 ). For example, some studies have suggested that the Chernobyl disaster and environmental problems may have played a role , Zamostyan et al. 2006 . Other studies have argued that psychosocial stress produced by rapid and radical socioeconomic and political changes was the major risk factor responsible for the sudden worsening in the health of Ukrainians during the 1990s (Gilmore et al. 2002) . Meanwhile, other authors have suggested that the adverse mortality trend may be due to a combination of individual risk factors, such as heavy alcohol consumption, smoking, and poor diet (Cockerham et al. 2006) .
The second reason is related to earlier studies on large fluctuations in mortality during the 1980s and 1990s in Ukraine and in other countries of the former USSR. It has been argued that the sudden improvement in mortality during 1985-87 is attributable to the reduction in alcohol consumption due to an anti-alcohol campaign. After these anti-alcohol policies were abandoned, mortality started rising again, reaching a new peak in the mid-1990s (Avdeev et al. 1997; Leon et al. 1997; Skolnikov and Nemtsov 1997; Skolnikov and Chervyakov 2000) . The unique context and nature of such large fluctuations in mortality provide us with the opportunity to study the role played by alcohol in overall mortality, albeit indirectly. This is particularly important due to the fact that precise figures about alcohol consumption and its consequences have never been available for Ukraine.
Another important issue concerns the possible underestimation of alcohol-related causes of death in deaths certificates in Ukraine. According to the official data by Statistical Office of Ukraine, only 5% of all deaths that occurred in 2007 were certified as deaths with alcohol in the blood (these were mostly cases of alcohol poisoning). This figure seems to be unreliable in comparison to other post-Soviet countries, for instance to Russia where the level and pattern of drinking resemble those in Ukraine (Leon et al. 2007) . A possible reason for this underreporting may be due to the low share of diagnoses based on autopsy results. Additionally, alcohol-related causes of death may be omitted from the death certificate due to requests made by relatives of the deceased. A significant percentage of deaths in which alcohol was likely a contributing factor may have been recorded as having other causes (Tischuk 1997 , Nemtsov 2002 , Semyonova et al. 2004 , Zaridze et al. 2008 . Therefore, it is difficult to measure to what extent alcohol consumption has contributed to overall mortality using direct estimations (e.g., mortality due to alcohol poisoning or liver cirrhosis).
Many studies have estimated alcohol-attributable deaths using risk estimates from published literature and from the WHO Comparative Risk Assessment (Corrao et al. 1999; Gutjahr et al. 2001; Rehm et al. 2004; Jones et al. 2008) . The major limitation of this approach is that measures of relative risk are not available for Ukraine. There has never been any study attempting to estimate the dose-dependent relationship between alcohol consumption and the risk of death from particular causes in Ukraine. In addition, we could not apply the indirect method by Nemtsov (2008) due to the absence of reliable long-term data on alcohol consumption in Ukraine, and to the nonavailability of forensic reports on accidental and violent deaths.
The present study proposes a new and transparent method based on a linear regression that allows us to quantify the fractions of deaths attributable to alcohol for each major cause of death. Using this method, we were able to make a new series of alcohol-attributable deaths estimates for adult males and females in Ukraine. We expect that this approach can be applied to the study of alcohol-related mortality in other former Soviet republics where alcohol continues to play an important role in mortality at working ages.
Level and patterns of alcohol drinking
The number of studies on alcohol consumption in Ukraine is quite limited, possibly because of the historically restricted availability of relevant information. Measuring alcohol consumption in the former USSR is not straightforward due to the large quantities of unregistered alcohol consumed. Indirect methods for estimating alcohol consumption have been used in Russia (Treml 1982; Nemtsov 1998 Nemtsov , 2008 , but these estimates are not available for Ukraine.
It is worth mentioning here that Ukraine led the Soviet republics in sugar production (from sugar beets) prior to the dissolution of the USSR. Large amounts of samogon were being produced from this sugar in the Soviet era. Report Number 14-09/11 (March 7, 1984) entitled "Analiticheskaya zapiska Centralnogo Statisticheskogo Upravlenia Ukrainskoi SSR" (Analytical Report by the Central Statistical Office of the Ukrainian Republic), provided an estimate of sugar purchases in Ukraine based on a survey conducted by the Ukrainian Central Statistical Office in 1983 (the survey included nearly 12,000). Unfortunately, these materials have not been published. The report concluded that almost 200,000 tonnes of sugar were used for the home production of about 20 million decaliters of illicit samogon and 12 million decaliters of grape and fruit wine. From these data, the home production of samogon and wine can be estimated to be 6.4 litres of pure ethanol per capita. It is reasonable to assume that this alcohol was produced mainly for consumption, and that it was not kept for a long time. In 1983, official figures in Ukraine placed per capita annual alcohol consumption at six litres of pure ethanol. Including these figures, the real consumption (both state and private production) in Ukraine in 1983 can be estimated to be 12.4 litres of pure ethanol, 6.4 litres of which were homemade.
In the years following Ukrainian independence, sugar production decreased, but still remained one of the leading branches of the agro-industrial complex (Derzhkomstat (2008) . It has been suggested that there is a large illegal alcohol market in Ukraine, and that unrecorded alcohol consumption makes up at least two-thirds of all alcohol consumption. A 1995 study by the Ukrainian Alcohol and Drug Information Centre evaluated both the recorded and unrecorded consumption of alcohol between 1980 and 1994 (ADIC-Ukraine (1995 . According to this publication, consumption of pure ethanol per capita based on recorded sales ranged between 6.3 litres in 1980 and 2.0 litres in 1994. However, unrecorded consumption of alcohol was about five litres per capita in 1980 and 9.5 litres in 1994. Over time, except during the years of the anti-alcohol campaign, overall alcohol consumption (including unrecorded consumption) was about 11-12 litres of pure ethanol per capita.
Since the beginning of the 1990s, the official accounting of registered alcohol sales has become unreliable. Abolishment of the state monopoly in alcohol production and sales and development of private trading business resulted in a high level of under-registration of alcohol sales. Indeed, the recent official figures have placed per capita annual alcohol consumption in Ukraine at 1.2-1.4 litres of pure ethanol which seems to be unreliable (Derzhkomstat 2008) .
For the last several years, the only available estimates of alcohol consumption among adult (15 years and older) in Ukraine were produced by the WHO. According to the WHO Global Status Report on Alcohol (2004), per capita consumption of recorded alcohol in Ukraine was four litres, and unrecorded alcohol consumption was an estimated 7-8 litres of pure ethanol, resulting in overall consumption of 11-12 litres (for both sexes). Figure 1 shows that Ukraine has a high level of overall alcohol consumption, but not the highest in Europe. For comparison, the total alcohol consumption in recent years was around 17.2 litres in Lithuania and the Czech Republic, 15.5 litres in Russia and 14.9 litres in Estonia. According to data from the World Health Survey 2003, total male (ages 15+) per capita consumption in Ukraine was 16.1 litres of pure ethanol, and female per capita consumption was 7.1 litres of pure ethanol (WHO 2004) .
Ukraine is a traditional spirits-drinking country, although there is some evidence that beer consumption has recently increased, especially among young people The ESPAD Report 2003) . Alcohol is often drunk in binges, in which large quantities are consumed in a short space of time, and the proportion of abstainers is relatively low (Webb et al. 2005; Suhrcke et al. 2008; Popova et al. 2007 ). For example, Pomerleau found that 25% of men and 4% of women in Ukraine were defined as heavy episodic drinkers (consumed ≥2 litres of beer or ≥ 750 g bottle of wine or ≥200 g strong spirits at least once a week) ). This type of drinking culture is labelled as Nordic. In this culture, alcohol is not commonly integrated into a range of everyday activities. Instead, alcohol tends to be associated with celebration, and intoxication is often seen as the main aim of drinking (Fox 2008) . I t a l y B u l g a r i a P o l a n d U k r a i n e G e r m a n y B e l a r u s F r a n c e E s t o n i a R u s s i a In general, alcohol patterns in Ukraine are very similar to those of Russia. Alcohol has common historical roots in these countries, and the existing patterns of drinking are a result of the development of old historical traditions, exacerbated by conditions and alcohol policies during the Soviet period. However, in comparison to Russians, Ukrainians drink somewhat less recorded alcohol, but consume more unrecorded (i.e., homemade) alcohol (WHO 2004) . What is unique to Ukraine is that home distillation (samogon) from sugar has deeply rooted traditions, and homebrew production is widespread in rural areas (Goncharuk 2000) . The share of the population living in rural areas is greater in Ukraine than in Russia, and these rural areas remain the most important market for unrecorded alcohol. Production of homemade alcohol in Russia consists predominantly of samogon, whereas in Ukraine unrecorded alcohol consumption is of homemade samogon and wine (especially in the western and southern regions) (Goncharuk 2000 , Nuzhnyi 2004 , Zaigraev 2004 , WHO 2004 . Therefore, although Ukraine and Russia are very similar in terms of drinking patterns and beverage preferences, the alcohol consumption pattern in Ukraine seems to be somewhat "lighter" than that of Russia, measured by the amount of alcohol consumed and the consequences for the health of the population.
Data and methods
The present study covers the period from 1980 to 2007. The data sources include the following: cause-of-death data from 1980 to 2000 obtained from INED (Meslé et al., 2008) , and data on causes of death for 2001-2007 provided by Statistical Offices of Ukraine. We estimate alcohol-attributable deaths at working ages in Ukraine through the calculation of attributable fractions using an indirect method of estimation. The attributable fraction is generally defined as the proportion of disease risk in a population that would not have occurred if exposure to a risk factor or set of factors had not occurred (Rehm 2004; Gutjahr et al. 2001; Jones et al. 2008 ). Estimation of alcohol-attributable fractions (AAF) by causes of death was performed using the following steps.
Since alcohol-related mortality is determined by the array of cause-specific death rates, we calculated age-standardised death rates (SDRs) for the range of ages 20 to 64 by causes of death using the European standard population. Since alcohol poisoning is not specified in the Ukrainian ICD-10 implemented in 2005, we reconstructed deaths due to alcohol poisoning in 2005-2007 using the approach developed by Meslé and Vallin (Meslé and Vallin 1996; Meslé et al. 2008) . In order to ascertain the number of deaths from alcohol poisoning by age, we made a redistribution of deaths from accidental poisoning. 
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Source: author's calculations based on data from Meslé et al. (2008) and Statistical Office of Ukraine.
We did not have reliable data on per capita alcohol consumption, which was the easiest predictor of alcohol-related harm. It has been suggested that in countries with Nordic pattern of drinking, the death rate from alcohol poisoning is the best predictor variable and marker of changes in heavy alcohol drinking. It seems reasonable to assume that the increase or decrease in alcohol consumption leads to a proportional increase or decrease in the probability of drinking a lethal dose of ethanol. Figure 2 provides strong evidence of a high correlation and a linear relationship between SDRs from all causes of death and SDRs from alcohol poisoning. However, a high positive correlation between alcohol poisoning and other causes does not necessary prove the attribution of deaths to alcohol. Trends in SDR include a linear trend t, which could be a main reason for such a correlation. The standard solution in this situation is to eliminate the linear trend. Let P(t) be the observed SDR from alcohol poisoning at ages 20 to 64. If p(t) is a trend-free component of P(t) then covariance p(t) and t is zero and (1)
P(t) = p(t) +γ·t
After removing the linear trend, correlations between 25 potentially alcohol-related causes of death and alcohol poisoning were examined using the residuals from the linear fit to the original SDRs. Causes of deaths with significant correlation coefficients were defined as alcohol-related.
It has been suggested that changes in heavy alcohol drinking resulted in changes in alcoholattributable fractions (AAF) of deaths. We propose the following simple model for estimation of AAFs by cause of death j. Let m j be standardised death rate at ages 20 to 64 by cause j, and assume that m j is a linear function of time t and alcohol poisoning P:
The first component represents time-dependent mortality from cause j, while the second component represents mortality attributable to alcohol consumption. We cannot derive the second component directly from the equation (2) because mortality due to alcohol poisoning can also correlate with time. In this case, there is a risk that the share of alcohol-attributable deaths may by underestimated or overestimated. However, using linear regression method we can represent:
where ε j -represents the stochastic error of approximation.
The coefficient α j 2 in (3) is a measure of proportional changes in cause-specific mortality that depends on the detrended alcohol poisoning (without linear trend), and the coefficient ß in (2) has the similar meaning but including linear trend. We can assume that ß= α 2.
Consequently, the alcohol-attributable fractions by cause of death for the range of ages 20 to 64 can be estimated by the formula:
where:
AAF j -represents the alcohol-attributable fractions by cause of death for ages 20 to 64.
Following this procedure, we calculated an alcohol-attributable fraction for each selected cause of death for ages 20 to 64. In most cases we get valid results. However, the fractions for some years appeared to be higher than one. This occurred for four causes of death for males (influenza and pneumonia, septicaemia, undetermined injury and homicide) and for three causes of death for females (influenza and pneumonia, septicaemia and undetermined injury). Among the possible explanations for this discrepancy are that the variance of mortality from these diseases is almost completely explained by alcohol, or that there has been a decline in the observed death rates over time. In these cases, the procedure was as follows: for each cause of death, the AAF with the maximal value (higher than one) was assumed to be equal to one, and all other AAFs were reduced by the same proportion; while for causes of death that are entirely explained by the impact of alcohol (poisoning by alcohol or mental and behavioural disorders due to use of alcohol), the alcohol-attributable fractions were set to one.
For each selected cause of death, we calculated the alcohol-related SDRs by multiplying the initial SDRs by the corresponding fraction of alcohol-attributable deaths. The sum of cause-specific alcohol-related SDRs represents the total of the alcohol-related mortality. The alcohol-attributable fraction in total deaths was computed by dividing the corresponding total alcohol-related SDR by the all-cause SDR. We assume that the cause-specific AAFs do not change across ages within the age range 20 to 64. To measure the impact of alcohol-attributable deaths in Ukraine, the life expectancy effects of eliminating the AAFs are calculated using associated single-decrement life tables by causes of death. Additionally, years of life lost due to alcohol-related causes are estimated. All calculations are made separately for men and women.
Results

Correlations between alcohol poisoning and selected causes of death
The associations between detrended SDR by alcohol poisoning and SDRs for 25 causes of death are measured. A very tight correlation between alcohol poisoning and ischemic heart disease (IHD) was found. There are also high correlations between alcohol poisoning and the following causes of death: influenza and pneumonia, undetermined injury, suicide and cerebrovascular diseases (for males only). Quite high correlations were also found for accidental drowning, accidental falls and homicide, as well as for cirrhosis of the liver and other and unspecified heart diseases (including alcoholic cardiomyopathy). Neoplasms are excluded from our analyses because of non-significant correlation. The fact that traffic accidents are also not correlated with alcohol poisoning is of interest. It is possible that there is some other set of factors which has changed over time, and which has a larger impact on mortality from this cause. Finally, 18 causes for men and 12 causes for women are identified for quantification of alcohol-attributable deaths (Table 1) . ICD-codes for these alcohol-related causes are presented in Appendix1. 
Estimating alcohol-attributable fractions (AAFs)
Results of the linear regression of alcohol-related causes of death as a function of time and alcohol poisoning for males and females are shown in Appendix 2 and Appendix 3. All these conditions have a significant link with alcohol poisoning. Figure 3 shows that estimated fractions of alcoholattributable deaths varied significantly between 1980 and 2007. Trends in overall AAFs for males and females are similar, but male AAFs of deaths are about twice as high as those of females. In the first half of the 1980s, about 35%-40% of male deaths and about 20% of female deaths were attributable to alcohol consumption. A marked reduction in AAFs was observed during the antialcohol campaign, declining to 25% for males and 12% for females in 1986. But the downward trend in AAFs had reversed by the mid-1990s, rising to 47% for males and 25% for females. Since this increase, some fluctuations have been observed: a decline in 1998, an increase in [2001] [2002] , and stagnation in recent years. In 2007, alcohol-attributable deaths accounted for 40% of male and 22% of female deaths between the ages of 20 to 64. 1 9 8 0 1 9 8 2 1 9 8 4 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 2 0 0 2 2 0 0 4 2 0 0 6 males females Source: author's calculations based on data from Meslé et al. (2008) and Statistical Office of Ukraine.
The attributable fractions for conditions related to alcohol consumption at five selected points in time (1980, 1986, 1995, 1998 and 2007) , which were the years of the highest and the lowest overall mortality in Ukraine, are presented in Table 2 for males and in Table 3 for females. The highest shares of alcohol-attributable deaths among men in 2007 were observed for homicide (0.75), septicaemia (0.73), influenza and pneumonia (0.73), undetermined injury (0.71), accidental drowning (0.67) and suicide (0.66). Alcohol contributed significantly to other and unspecified heart diseases, and played a substantial role in mortality from cirrhosis of the liver and tuberculosis at working ages. Ischemic heart disease is also characterised by a high AAF. There are studies on the role of alcohol as both a risk and protective factor for cardiovascular disease (CVD). Some studies suggest that drinking moderate amounts of alcohol regularly offers some protection against CVD (e.g., Murray and Lopez 1996) . In contrast, irregular heavy drinking is associated with an increased risk of cardiovascular events (McKee and Britton 1998) . Throughout the observed period, the contribution of alcohol to premature mortality from ischemic heart disease changed, but was still very important. Meslé et al. (2008) and Statistical Office of Ukraine.
While women are less affected by alcohol-attributable deaths than men, they are also at risk of damaging their health through alcohol consumption. The AAFs for women are much lower. In 2007, septicaemia, undetermined injury, influenza and pneumonia had the highest female AAFs.
Additionally, alcohol accounted for a considerable percentage of premature deaths from other respiratory diseases, accidental falls and drowning.
Between 1980 and 2007, male-female differences in AAFs increased slightly. The main differences were for external causes, cirrhosis of the liver and diseases of the pancreas. Males experienced excess mortality from alcohol-attributable accidental drowning. In 2007, the AAF for this cause in males was estimated to be 1.5 times higher than the rate for females. Of the deaths from ischemic heart disease among males, 54% in 2007 were attributed to alcohol, while the corresponding contribution of alcohol-attributable death among females was 46%.
Both for males and females, the proportional changes of alcohol-attributable deaths by individual diagnoses between 1980 and 1986, and between 1986 and 1995, revealed a clear relationship: increases in AAFs by causes of death in the first half of the 1990s are the reversals of decreases in the same causes during the anti-alcohol campaign. Thus, our results confirm similar results obtained earlier for Russia: the observed fluctuations in mortality and dramatic drops in life expectancy in the first half of 1990s can be largely explained by the impact of the rise in alcohol consumption that followed the prior decrease during the anti-alcohol campaign (Avdeev et al. 1997; Leon et al. 1997; Skolnikov and Chervyakov 2000; Skolnikov and Nemtsov 1997) . Table 4 shows that alcohol-related mortality at ages 20 to 64 has a strong impact on life expectancy. In 1980, expected gains in life expectancy at birth were estimated to be 3.5 years for males and 0.9 years for females. By 1995, gains in life expectancy had increased to 5.2 years in males and to 1.4 years in females. In 2007, the life expectancy effects of eliminating the AAFs were 4.5 and 1.3 years for males and females, respectively. Figures 4 and 5 show, for males and females, the impact of each individual alcohol-related cause of death on life expectancy at birth in 1995 and 2007. The major contributions to the gain in male life expectancy are produced by reductions in ischemic heart disease, alcohol poisoning, cirrhosis of the liver, undetermined injuries and other accidents. For example, 1.10 and 0.96 years were gained due to lower rates of ischemic heart disease in 1995 and 2007, respectively. In 2007, the contributions of undetermined injuries, suicide and cerebrovascular diseases were much lower than in 1995, while the gains produced by cirrhosis of the liver, other und unspecified heart diseases, influenza and pneumonia increased over the period. Source: author's calculations based on data from Meslé et al. (2008) and Statistical Office of Ukraine.
Impact of alcohol-attributable deaths on life expectancy
Similarly, ischemic heart disease is the most important cause of death in terms of gain in life expectancy for females. When alcohol-attributable deaths from ischemic heart disease are not considered, the gains in female life expectancy are shown to be 0.61 years in 1995 and 0.51 years in 2007. Alcohol poisoning, cirrhosis of the liver, undetermined injury and other accidents also produce substantial effects on the life expectancy of women. For alcohol poisonings, cirrhosis of the liver, and influenza and pneumonia, the elimination effects in 2007 were found to be 1.2 times greater than those in 1995. In contrast, the effects of alcohol-attributable deaths from ischemic heart disease and other respiratory conditions have been reduced. In males, for the majority of conditions examined, the expected gains in life expectancy are greater than those for females, particularly for all kinds of violence, ischemic heart disease, alcohol poisoning and cirrhosis of the liver.
Additionally, we calculated the years of life lost (YLL) due to alcohol-attributable deaths at ages 20 to 64. Years of life lost shows how much additional time could be lived if the mortality differences between Ukraine and the average Western country were eliminated. Our results indicated that YLL (for both sexes) was an estimated 2819.3 thousand person-years in 2007, or about 33 years of life lost per one alcohol-attributable death at ages 20 to 64. Male YLL constituted up to two-thirds of all YLL due to alcohol-attributable deaths (Table 4) . In 2007, years of life lost due to alcohol-related mortality at ages 20 to 64 accounted for 27.5% of total male and 9% of total female YLL. Source: author's calculations based on data from Meslé et al. (2008) and Statistical Office of Ukraine.
Discussion and conclusion
Data and methods: strengths and limitations
To our knowledge, this is the first published estimation of alcohol-attributable fractions of deaths in Ukraine. We estimated alcohol-attributable deaths using an indirect method. There are several limitations to consider when interpreting the results of this study. The first problem concerns the quality of cause-of-deaths data used for the estimation. According to the official data obtained from the Statistical Office of Ukraine, only one-third of all deaths that occurred in 2007 included forensic diagnoses resulting from autopsies. It should be noted that, because most of the diagnoses in death certificates are written before autopsy findings are obtained, it is possible that the latter are not taken in account.
Second, we applied a new method which enables indirect estimation of the proportions of deaths attributable to alcohol. The basic assumption of this method is that there is a linear relationship between the selected causes of deaths and alcohol poisoning. We considered the causespecific death rate as a function of mortality from alcohol poisoning and time. It is important to keep in mind, however, that this relationship can be more complicated because of a possible correlation between mortality from alcohol poisonings and time. Also, the using slopes derived from the formula (2) for the estimation of AAFs seem to be a relatively crude solution, but this approach enabled us to avoid a possible underestimation of alcohol-attributable deaths, which would have occurred if we had used formula (2) directly.
It is worth mentioning here that the estimated cause-specific alcohol-attributable fractions of deaths should not be seen as precise, due to the aforementioned problems with cause-of-death diagnostics. For example, taking into account the finding by Zaridze et al. (2008) that many alcohol-related deaths are wrongly attributed to diseases of circulatory system, it could be suggested that the AAFs for IHD in our study are overestimated. However, these limitations would not bias our findings regarding the overall AAFs (for total deaths at working ages). The key advantages of our approach are that we estimated alcohol-attributable deaths in Ukraine using easily available cause-of-death data, and by applying a simple indirect method based on linear regression. Furthermore, it might be possible to apply our approach for estimating AAFs to other countries with high levels of alcohol-related problems and similar patterns of drinking (like Russia, Belorussia and the Baltic countries). Thus, this study offers a new instrument for comparative analysis of postSoviet countries in terms of alcohol-related mortality.
Substantive results and comparison with other studies
Our findings provide clear evidence that alcohol plays a substantial role in excessive adult mortality in Ukraine. The links between alcohol consumption and various chronic diseases, as well as violence, provide strong arguments in support of this thesis. A total of 18 causes for men and 12 for women were found to be correlated with alcohol poisoning. Males experienced far greater alcoholrelated mortality than females. In 2007, an estimated 40% of deaths among men and 22% of deaths among women at ages 20 to 64 were attributable to the harmful effects of alcohol. Alcohol abuse reduced life expectancy at birth by 4.5 years for males and by 1.3 years for females. People whose deaths are due to excessive alcohol consumption lose an average of about 33 years of life. Ischemic heart diseases, undetermined injuries and other accidents, alcohol poisoning, as well as cirrhosis of the liver, produce the greatest gains in life expectancy due to the elimination of respective AAFs of deaths.
Our estimations are generally close to estimates that were obtained in more direct ways in other post-Soviet countries. For example, a case control study in Izhevsk (Russia), based on individual-level data, found that heavy drinking was responsible for 43% of all deaths among males aged 25-54 in 2002 25-54 in -2005 25-54 in (Leon et al. 2007 ). Nemtsov (2008) estimated from the forensic reports on blood alcohol levels that about one-third of all male deaths (all ages included) in Russia are related to alcohol. At the same time, our estimates are higher than those produced by Godek (1998) , who estimated that about 13%-16% of deaths among males, and about 7%-10% of deaths among females (of working ages) in Ukraine are attributable to alcohol. This could by explained by differences in the methods applied. Godek computed the number of deaths attributable to alcohol using a set of AAFs originally provided by the Centers for Disease Control and Prevention in the USA (CDC, 1990) . There are some reasons to be cautious about using relative risk estimates obtained using nonUkrainian data, including the fact that the existing AAFs do not take into account the high degree of damage caused by binge drinking.
Our results support other findings on the crucial role of alcohol as a factor in mortality fluctuations that were observed in the countries of the former USSR over the course of the 1990s (Avdeev et al. 1997; Leon et al. 1997 Leon et al. , 2007 Skolnikov and Chervyakov 2000; Skolnikov and Nemtsov 1997; McKee et al. 2001 ). There is a significant correlation between the increase in the AAFs of deaths in 1986-1995, and the prior decrease in 1980-1986 in Ukraine. These trends may reflect the negative effects of both the abandonment of the anti-alcohol campaign and the socioeconomic shock of the abrupt switch to a market economy after the collapse of the USSR. The high proportion of alcohol-attributable deaths in Ukraine is probably explained by a combination of the amount of alcohol consumed (including illicitly produced alcohol) and the pattern of drinking.
Implications for policy
Measuring alcohol-attributable deaths helps to estimate impact of alcohol on health and mortality, and can be a useful indicator for developing national alcohol strategies intended to reduce alcohol's harmful consequences. The link between alcohol and excessive adult mortality in Ukraine can now substantially supported by evidence. Our study found that a large proportion of deaths in the Ukraine may be attributed to alcohol, and that these deaths therefore contribute significantly to the low levels of life expectancy in Ukraine, especially among men. Alcohol-attributable deaths at working ages are estimated to account for approximately one-third of the male and one-fifth of the female life expectancy gaps between Ukraine and Western countries. Given the high level of alcohol-related mortality in Ukraine, there is, therefore, a need for a range of interventions to prevent or reduce the harm caused by alcohol. Recent studies have shown that a number of efficient and cost-effective strategies for reducing alcohol consumption are available (Ősterberg 2004; Room 2005 ; Framework for alcohol policy in the WHO European Region 2006). The most efficient approach is to implement multiple policies that employ the following strategies: increase alcohol prices, reduce the availability of alcohol, introduce measures that discourage drunk driving, provide alcohol education, and seek to identify and treat alcohol-related personal problems in the early stages (Ősterberg 2004) . However, alcohol policy should be sensitive to cultural diversity and national specificity. In the case of Ukraine, the actions taken should strongly emphasise the fight against illegal alcohol production, as well as the consumption of homemade alcohol beverages and surrogates that sharpen the negative consequences of alcohol consumption.
This study also shows that the elimination of AAFs would have increased life expectancy considerably, but that this improvement would not have radically reduced the gap in life expectancies between Ukraine and Western countries. Moreover, the overall proportions of alcoholattributable death for males and females in 2007 were very similar to those in 1980, but life expectancies were much lower. Hence, alcohol should not be viewed as the only decisive factor behind the adverse mortality pattern in Ukraine. It has been suggested that other factors, such as improvement in access to and quality of health care, could make substantial contributions to efforts to increase life expectancy Andreev et al. 2003; Lekhan et al. 2004) .
Finally, alcohol policy could be considered in a broader political context. The common drinking culture in Ukraine is socially constructed and accepted because it is seen as natural. The problem is that the institutional environment and the poor living conditions do not tend to encourage healthy lifestyles (Cockerham 2000) , and might be contributing to the reproduction and maintenance of negative alcoholic traditions, including binge drinking. In Ukraine, primary prevention and positive lifestyle practices which would encourage individuals to take responsibility for their own health have been neither encouraged nor implemented. In addition, anti-alcohol campaigns in the mid-1980s had a negative impact on public attitudes to alcohol policies, namely, any state regulation of alcohol. Therefore, an effective and comprehensive policy aimed at decreasing alcohol consumption and reducing alcohol-related harm is needed, but its success is dependent on the state's willingness to pursue certain kinds of policies, and on societal acceptance. The key consequence is that changes in individual behaviour are strongly associated with institutional changes. This policy could be implemented through the promotion of healthy activities and the creation of institutional conditions which support an individual's choice to lead a healthy lifestyle. 
